IMPORTANCE Improvement in left ventricular ejection fraction (EF) to >35% occurs in many patients with reduced EF at baseline. To our knowledge, whether implantable cardioverter defibrillator (ICD) therapy improves survival for these patients is unknown.
L eft ventricular ejection fraction (EF) is the cornerstone of the criteria used to select patients for implantable cardioverter defibrillator (ICD) implantation for primary prevention of sudden cardiac death (SCD). When added to optimal medical therapy, ICD therapy improves survival of many patients with heart failure with an EF ≤35%. 1, 2 This EF criterion is based on the results of pivotal randomized clinical trials, such as the Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), 1 that only enrolled patients with an EF ≤35%
owing to the higher risk of SCD in this population. 3 Thus, ICD implantation is recommended in patients with symptoms of heart failure whose EF remains ≤35% after 3 months of optimal medical therapy. 4 However, to our knowledge, the risk of SCD as well as the efficacy of ICD for primary prevention of SCD has not been established in patients who have an improvementofEFto>35%.
Heart failure with improved (or recovered) EF describes a category of patients who have an improvement in EF, in part as a result of reverse remodeling. [5] [6] [7] [8] Previous work has shown that improvement in EF occurs in approximately 20% to 25% of patients with ischemic cardiomyopathy and 40% to 50% of patients with nonischemic cardiomyopathy. 5,9-13 Previously, our group and others have shown that these patients have a lower, but not trivial, risk of receiving appropriate ICD shocks after EF improvement compared with patients whose EF remains less than 35%. 9,12-18 However, data from these studies are insufficient to determine whether ICD therapy reduces allcause mortality in patients with EF improvement to >35% because none of them included comparisons with a control group of patients without ICD. The SCD-HeFT was a randomized clinical trial of patients with New York Heart Association (NYHA) class 2 or 3 symptoms and an EF ≤35% who were randomized to ICD, amiodarone, or placebo for primary prevention of SCD. 1 After a median follow-up of 45.5 months, the mortality of patients randomized to ICD therapy was 22% vs 29% in patients randomized to placebo. A large subset of participants (1902 of 2521 [75.4%]) in the trial underwent a repeated measurement of EF during follow-up as part of their usual clinical care. The objective of the present study was to examine the efficacy of ICD in reducing risk of all-cause mortality and SCD in patients with a follow-up EF >35% compared with those whose EF remained ≤35%.
Methods

Study Patients
Per the SCD-HeFT protocol, 2521 participants were randomized to placebo (n = 847), amiodarone (n = 845), or ICD (n = 829) from 1997 to 2001. 1 Eligible patients had to be 18 years or older with NYHA class 2 or 3 heart failure and a left ventricular EF ≤35% due to ischemic or nonischemic causes. To be enrolled, heart failure had to be present for at least 3 months prior to randomization and treated with a vasodilator. Less than ideal doses of angiotensin-converting enzyme inhibitors and β-blockers were approved as long as target doses were attained shortly after randomization.
During study follow-up, 1902 patients (75.4%) had a repeated measurement of EF a mean (SD) of 13.5 (6) months after randomization as part of their usual clinical care. We excluded 27 patients in whom the first repeated EF was measured after heart transplantation. The randomized treatment assignments in the remaining 1875 patients were placebo (n = 649), amiodarone (n = 602), and ICD (n = 624). In this post hoc analysis, we compared the 649 patients randomly assigned to placebo with the 624 randomly assigned to ICD (eFigure 1 in the Supplement). A similar proportion of patients who were randomly assigned to placebo (77.3%) and ICD (76.9%) had a repeated EF measurement. Patients with a repeated EF measurement were healthier and had lower mortality than those without a repeated EF measurement (eTable in the Supplement).
This study was approved by the Research and Development Committee of the Minneapolis Veterans Affairs Medical Center. Informed consent was waived because the database was deidentified and publicly available.
Assessment of EF
All participants underwent a baseline measurement of left ventricular EF within 3 months before enrollment into the SCD-HeFT. 1, 19 Studies of qualifying EF were performed and interpreted at the enrolling centers. A repeated measurement of EF was not required by the study protocol. However, if patients had a repeated EF assessment as part of their usual clinical care, the repeated EF and the study date were recorded. On page 7 of the study follow-up form, a question specifically asked about the patient's follow-up EF and the date of the EF assessment. This form had to be filled at scheduled study follow-up visits at 12 and 30 months and at any unscheduled follow-up visits. Among patients with more than 1 follow-up EF measurement, we used the first EF after randomization to maximize the follow-up time.
ICD Specifics and Programming
Implantable cardioverter defibrillator therapy in the SCD-HeFT was limited to single-lead, shock-only devices; dualchamber or biventricular devices were not permitted. The ICDs were programmed uniformly to have a detection rate of 188
Key Points
Question What is the efficacy of implantable cardioverter defibrillator (ICD) therapy in patients who had an improvement in ejection fraction (EF) to >35% during follow-up?
Findings In this analysis of the Sudden Cardiac Death in Heart Failure Trial, during a median follow-up of 30 months, the all-cause mortality rate was lower in the ICD group than in the placebo group, both in patients whose EF remained Յ35% and in those whose EF improved to >35%. There was no interaction between ICD and repeated EF for predicting mortality.
Meaning Patients who had an improvement in EF to >35% during follow-up accrued a similar mortality benefit with ICD as those whose EF remained at Յ35%.
or greater beats/min (tachycardia cycle length, ≤320 milliseconds). The number of intervals to detect ventricular arrhythmia was 18/24. Anti-tachycardia pacing was not allowed. Pacing for bradycardia was initiated only if the intrinsic rate decreased to less than 34 beats/min.
Outcome Variables
The primary outcome variable in this analysis was all-cause mortality after the first repeated EF measurement. Sudden cardiac death after the first repeated EF measurement was a secondary outcome. In the SCD-HeFT, all deaths were adjudicated by the independent events committee using the Hinkle-Thaler system. 20 Cardiac events were subclassified as sudden death presumed to be due to ventricular tachyarrhythmia, bradyarrhythmia, heart failure, or other cardiac causes. An instantaneous or nearly instantaneous death was classified as being due to ventricular tachyarrhythmia in the absence of a clear indication of an alternative mode of death. Death during sleep was considered to be due to ventricular tachyarrhythmia if the event was unexpected and occurred in the absence of acceleration of heart failure symptoms. Deaths resulting from the consequences of a cardiac arrest or related to a device implantation (if within 30 days) were considered to be due to a ventricular tachyarrhythmia. 20 The events committee reviewed clinical records, including histories, physical examination, hospitalization records, laboratory data, paramedic and emergency department records, electrocardiography rhythm strips at the onset of the event (or first available monitored rhythm after the onset of the event), autopsy reports, and a detailed narrative event summary provided by the physician investigator at the enrolling site. 20 All information identifying randomized therapy assignment and ICD interrogation data were removed from the documents submitted to the events committee to maintain blinding.
Statistical Analysis
Continuous variables are presented as mean (SD) and categorical variables as No. (%). Highly skewed distributions are summarized as the median (25th and 75th quartiles). The first follow-up EF measurement after randomization in the SCD-HeFT was used to categorize patients into EF >35% and EF ≤35% strata. In this analysis, the follow-up period started with the date of the first EF measurement after randomization. Follow-up of patients who underwent heart transplantation after a repeated EF measurement was censored at the time of transplant, which occurred after a median follow-up of 38 months (minimum 13 months). We performed an intention-to-treat analysis. Mortality is described as incidence rates per 100 personyears of follow-up. Probability of mortality was calculated with the formula 1 − e (−Rate × Time)
. The effect of ICD on all-cause mortality in each repeated EF strata was estimated using Cox proportional hazard regression analysis. We tested for an interaction between treatment assignment (ICD vs placebo) and repeated EF strata (>35% vs ≤35%) to determine whether there was evidence that the effect of ICD on mortality risk depended on repeated EF strata. The proportional hazards assumption was confirmed by examining the correlation between Schoenfeld residuals and follow-up time. Similarly, the Fine Gray competing risk model was used to estimate the effect of ICD on SCD in each repeated EF strata wherein non-SCD was considered a competing risk.
In multivariable analyses assessing the efficacy of ICD in each repeated EF strata, we adjusted for baseline variables that were previously found to be independent predictors of allcause mortality in the SCD-HeFT, including age, sex, heart failure etiology and duration, NYHA class, baseline EF, systolic blood pressure, diabetes, mitral regurgitation, renal insufficiency, history of substance abuse, Duke Activity Status Index, the electrocardiographic QRS and QT intervals, and use of a β-blocker, angiotensin-converting enzyme inhibitor or receptor blocker, and digoxin. 21 Six-minute walk test distance and the PR interval were excluded from the multivariable adjustment models owing to the amount of missing data. In addition, standardized differences between the ICD and placebo groups were examined to assess the balance on baseline variables within each nonrandomly assigned repeated EF strata. 22 Any variable with a standardized difference greater than 10% that was not already included in the previously developed mortality model was added to the multivariable adjustment model if it was a known correlate of mortality. Thus, the final adjusted model included the covariates age, sex, heart failure etiology and duration, NYHA class, baseline EF, systolic blood pressure, diabetes, stroke, pulmonary disease, hypertension, hyperlipidemia, syncope, nonsustained ventricular tachycardia, atrial fibrillation, mitral regurgitation, renal insufficiency, current smoking, history of substance abuse, Duke Activity Status Index, serum potassium level, the electrocardiographic QRS and QT intervals, and use of aspirin, β-blocker, angiotensin-converting enzyme inhibitor or receptor blocker, statin, and digoxin. All data were analyzed using Stata version 12.1 SE (StataCorp).
Results
Repeated Ejection Fraction in the ICD and Placebo Groups
Of the 624 patients in the ICD group, 186 (29.8%) had a repeated EF >35%. Among these 186 patients, the mean (SD) EF increased from 26% (7%) to 46% (8%). Similarly, of the 649 patients in the placebo group, 185 (28.5%) had a repeated EF >35%, and among these 185 patients, the mean (SD) EF increased from 27% (6%) to 45% (7%). Among the remaining patients assigned to ICD (n = 438) or placebo (n = 464), there was no evidence that the mean EF substantially changed from baseline. Baseline and follow-up EF in each group is shown in eFigure 2intheSupplement. Thus, in patients with an improvement in EF, the mean repeated EF was approximately 45%. Because of lack of power, we did not analyze the subgroup of patients with an EF >55%. Baseline characteristics of the patients assigned to ICD vs placebo are shown in Table 1 within each repeated EF strata. The balance of key prognostic baseline variables between treatment groups was largely maintained (standardized difference <10%) in the larger group of participants who had a follow-up EF ≤35% but was less so maintained in the smaller group that had a follow-up EF >35%.
ICD Effect
In the ICD and placebo groups combined, a total of 248 of 1273 patients (19.5%) died during a median (interquartile range) follow-up of 30 (20-42) months after the first repeated EF measurement. In both repeated EF strata, the mortality rate was lower in the ICD group compared with the placebo group ( Figure 1) ( Table 2 ). The unadjusted hazard ratio (HR) for effect of ICD on all-cause mortality was 0.72 (95% CI, 0.55-0.95) in the repeated EF ≤35% stratum and 0.58 (95% CI, 0.29-1.17) in the EF >35% stratum ( Table 3 ). The HR for the effect of ICD on patients with an EF >35% relative to those with an EF ≤35% was 0.80 (95% CI, 0.38-1.70) and was not significantly different from 1.0 (interaction, P = .56) (Figure 2) . Adjusting 
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for variables in the previously developed SCD-HeFT mortality model and additional ones with a standardized difference greater than 10% in Table 1 , the estimated effect of ICD was 0.64 (95% CI, 0.48-0.85) in patients with a repeated EF ≤35% and 0.62 (95% CI, 0.29-1.30) in those with a repeated EF >35% (Table 3 ). The adjusted interaction between the effect of ICD and repeated EF was not significant (interaction, P = .98), suggesting that there was no evidence that the effect of ICD on mortality risk depended on whether EF had improved to >35%. Sensitivity analysis using change in EF as a continuous variable also found no evidence of an interaction (HR, 1.00; 95% CI, 0.97 to 1.03; P = .88) in the fully adjusted model including the baseline EF as a covariate. Presence of an ICD was associated with an absolute reduction of 3.0 deaths per 100 person-year follow-up among patients with a follow-up EF ≤35% and 1.9 deaths per 100 personyear follow-up among patients with a follow-up EF >35% (Table 2) . Thus, assuming a constant mortality rate over 5 years, 10.6 patients with a follow-up EF ≤35% vs 12.6 patients with a follow-up EF >35% needed to be treated to save 1 life.
Of the 248 deaths in the combined ICD and placebo groups, 67 (27.0%) were adjudicated as SCD. The incidence rate of SCD tended to be lower with ICD vs placebo within each EF strata ( Table 2 ). The unadjusted and adjusted HR for ICD effects are summarized in Table 3 . The estimated adjusted benefit of ICD on SCD among the larger repeated EF ≤35% stratum was significant (HR, 0.30; 95% CI, 0.16-0.57). Although there appeared to be a benefit-albeit smaller in magnitude-of ICD in the EF >35% stratum (HR, 0.74; 95% CI, 0.19-2.93), the confidence interval for this estimate was wide, given the smaller size of this stratum and the low number of SCD events. We did not find evidence that the effect of ICD on SCD risk varied by repeated EF strata (interaction, P = .20).
Discussion
This study showed that among patients with heart failure and reduced EF at baseline, those who had an improvement in EF to >35% during follow-up had a similar reduction of mortality a The final adjusted model included the covariates age, sex, heart failure etiology and duration, New York Heart Association class, baseline EF, systolic blood pressure, diabetes, stroke, pulmonary disease, hypertension, hyperlipidemia, syncope, nonsustained ventricular tachycardia, atrial fibrillation, mitral regurgitation, renal insufficiency, current smoking, history of substance abuse, Duke Activity Status Index, serum potassium level, the electrocardiographic QRS and QT intervals, and use of aspirin, β-blocker, angiotensin-converting enzyme inhibitor or receptor blocker, statin, and digoxin. with ICD therapy as those whose EF remained ≤35%. Although the risk of mortality and SCD was significantly lower among patients with improved EF, the benefit from ICD was largely preserved. To save 1 life over a 5-year period, 10.6 patients whose EF remained ≤35% vs 12.6 patients whose EF improved to >35% needed to be implanted with ICD. If confirmed in a prospective study, these results may have significant implications on risk stratification for SCD in patients with improvement of EF to >35% before or after ICD implantation.
To our knowledge, SCD in patients with an EF >35% is an important public health problem that has not been addressed in landmark ICD trials. 23 In large, population-based series of individuals who had a cardiac arrest and died suddenly, 65% to 75% had an EF >35% on a prior echocardiogram, which would have rendered them ineligible for ICD therapy before the terminal event. 24,25 However, to our knowledge, a randomized clinical trial of primary-prevention ICD implantation has not yet been completed in patients with an EF >35%. 26, 27 The results of the present analysis, suggesting that the benefit from ICD extends to patients whose EF improved to >35%, should be interpreted within this context. However, caution is necessary to refrain from extrapolating these results to patients with an EF between 35% and 50% but have never had an EF ≤35% in the past. These patients may represent a different population than the one studied in this investigation and are the focus of an ongoing large prospective cohort study to identify risk markers of SCD (clinicaltrials.gov identifier: NCT01114269).
Patients with improved EF differ from those with persistently reduced or preserved EF in substrate, pathophysiology, and risk for adverse outcomes.
28 Previous studies have shown that patients with improved EF are younger and have less comorbidity and coronary heart disease than those with persistently reduced or preserved EF. [5] [6] [7] 29 Patients with improved EF also have less heart failure symptoms, lower risk of hospitalization, and lower risk of mortality. 5-7 However, ongoing troponin release and elevated B-type natriuretic peptide levels detected in these patients suggest smoldering myocardial injury and continuing myocardial stretch, respectively. are not enough data to make a definitive recommendation in some very-low-risk subgroups, such as patients with normalized EF (>55%) and patients with nonischemic cardiomyopathy but no myocardial scar. [34] [35] [36] Until more data become available, the value of ICD in such patients will need to be decided on a case-by-case basis.
The primary advantage of this study over previous observational studies limited only to patients with ICD is the presence of a control group of participants without ICD. Thus, the potential clinical implications of this analysis may extend beyond patients with existing ICDs who experience an improvement in EF to >35%. Improvement in EF is also observed in other clinical circumstances, such as after a myocardial infarction, 37 after revascularization, 38 after cardiac resynchronization therapy, 39 and, most notably, with intensive medical therapy. 40, 41 If confirmed prospectively in a clinical trial, these data suggest that the benefit of ICD may extend to patients whose EF has improved to >35% regardless of the cause.
Limitations
Our analysis had some limitations. First, 77% of the patients enrolled in the SCD-HeFT had a repeated EF assessment during follow-up. Although these patients were healthier than those who did not have a repeated EF, treatment assignment does not appear to be a factor in the decision of who had a repeated EF assessment (eTable in the Supplement). A similar proportion of patients in each randomly assigned treatment group had a repeated EF, which suggests that a bias due to not having a follow-up echocardiogram is unlikely. Further, a similar proportion of patients randomized to ICD or placebo had an EF >35% during follow-up, which also argues against a bias affecting the ICD vs placebo comparison in this analysis. Although we adjusted for the differences in baseline characteristics between the ICD and placebo groups that were present in either repeated EF strata, we cannot exclude the possibility of residual confounding. Second, the definition of EF improvement in this analysis (EF >35%) was chosen based on the clinical relevance of this cutoff for ICD implantation. Although patients with a baseline EF of 30% to 35% can theoretically achieve this cutoff with minimal improvement or even with interreader variability, in reality, the mean increase in EF was much larger (approximately 19%) in these patients. Third, neither the original nor the repeated echocardiograms were analyzed in a core laboratory in the SCD-HeFT. Thus, the observed changes in EF may also be because of interreader variability, and misclassification of EF strata may have reduced our ability to detect differences in ICD efficacy. However, the mean absolute EF change of approximately 20% was similar to other cohorts without ICD and was much greater than would typically be expected from measurement error. Fourth, an eligibility requirement in the SCD-HeFT was to be on angiotensinconverting enzyme inhibitors before randomization. Although there was no requirement, almost 70% of the patients were taking β-blockers. 1 Less than ideal doses of these medications were acceptable at study enrollment as long as target doses were attained shortly after randomization. Today, there is a greater emphasis on being on optimal medical therapy for heart failure, including β-blockers, before ICD implantation. Further, aldosterone blockers, which are known to reduce the incidence of SCD, have also become part of heart failure therapy since the publication of the SCD-HeFT. Despite these limitations, the proportion of patients with EF improvement in the SCD-HeFT was similar to more contemporary cohorts of patients with ICD.
9,13-15,17,18
Conclusions
Among patients from the SCD-HeFT who had a repeated EF assessment during the course of follow-up, the efficacy of ICD therapy on mortality reduction was similar in patients who had an improvement in EF to >35% compared with those with an EF persistently ≤35%. These data call into question the current risk stratification schemes for patients with heart failure who experience an improvement in EF with optimal medical therapy. A prospective randomized clinical trial is needed to assess ICD efficacy for primary prevention of SCD among patients with an EF >35%. 
